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Abstract
This study aimed to quantify the predictability of arch expansion in children with early
mixed dentition treated with the Invisalign First® system and evaluate the clinical factors
for the predictability of arch expansion. Pretreatment, predicted and posttreatment digital
models from Invisalign’s ClinCheck® software were obtained for 90 children with
mean (standard deviation) age of 8.42 (0.93) who planned arch expansion. Arch width
measurements were collected using Invisalign’s arch width table. The predictability
of expansion was calculated by comparing the amount of expansion achieved with the
predicted expansion. Linear regression analysis was used to evaluate clinical factors
associated with predictability of expansion. The predictability of the expansion of the
maxillary teeth was as follows: 71.1% primary canines (n = 55), 67.5% first primary
molars (n = 46), 65.2% second primary molars (n = 79), and 53.4% first permanent
molars (n = 90); the predictability of the expansion of the mandibular teeth was 81.1%
primary canines (n = 31), 81.2% first primary molars (n = 51), 77.8% second primary
molars (n = 80), and 69.4% first permanent molars (n = 90). The predictability of arch
expansion was significantly higher in the mandibular arch compared to the maxillary
arch and significantly lower in the permanent first molar than in the other primary teeth.
Predictability decreased significantly as the amount of predicted expansion per aligner
increased in the upper and lower permanent first molars, primary second molars, and
upper primary canines. Predictability significantly increased when buccal or palatal
attachments were placed on the bilateral side compared to cases without attachment at the
upper permanent first and primary second molars. The predictability of arch expansion
using the Invisalign First® system varies according to arch and tooth type. The amount
of predicted expansion per aligner and the number of attachments to the maxillary teeth
are potential clinical factors that can affect the predictability of expansion.
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1. Introduction

Orthodontic treatment in children with mixed dentition is im-
portant because early treatment can not only correct occlusion
but also ensures normal tooth development. Arch expansion
is an important mechanism that is often used in children with
mixed dentition to correct transverse skeletal and dental dis-
crepancies or to increase the arch perimeter [1]. Expansion
of a compressed arch as a method of resolving crowding can
increase the arch length, thus providing more space for tooth
alignment. It can also improve the transverse dimension of the
smile or correct posterior dentoalveolar crossbites [2, 3].
Conventional fixed or removable devices with wires and

expansion screws are typically used for arch expansion. How-
ever, an increasing number of patients are seeking more aes-
thetic and comfortable alternatives to conventional orthodontic

appliances [4]. With decades of improvements in computer-
aided design and manufacturing (CAD/CAM) and dental ma-
terials, orthodontic treatment using clear aligners has become
increasingly common inmany cases, including arch expansion,
particularly in adults and teenagers [5–7]. Compared with
fixed appliances, clear aligners have disadvantages related
to the inefficiency and unreliability of specific type of tooth
movements [8], which can lead to prescribing additional sets
of aligner and extended treatment times. However, it has
been also reported that clear aligners have advantage such
as esthetics [9], less discomfort [10] and better oral hygiene
[11]. In 2018, Align Technology Inc. introduced the Invisalign
First® (Align Technology Inc., Tempe, AZ, USA) clear align-
ers designed specifically for younger patients in early mixed
dentition. According to Align Technology, Inc., this device can
be used to perform phase I orthodontic treatment, including the
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correction of a narrow arch.
Several studies have reported on the predictability of arch

expansion using the Invisalign® system. However, most of
the studies were conducted on adolescents or adults with per-
manent dentition [12–15], and there are few reports on the early
mixed dentition stage where the Invisalign First® system can
be used [16, 17]. In addition, there are few studies on the
clinical factors that can affect arch expansion [14].
Therefore, the aim of this study was to (1) quantify the

predictability of arch expansion in children with early mixed
dentition treated with the Invisalign First® system and (2)
evaluate the clinical factors for predicting arch expansion.

2. Materials and methods

2.1 Patient selection
A total of 164 consecutive patient records treated with In-
visalign First® between January 2020 and December 2022
were reviewed for this study. Records were sourced from a
single private practice in Yong-in, Gyeonggi-do, Republic of
Korea by a pediatric dentist who was highly experienced with
Invisalign. A total of 90 patients were selected based on the fol-
lowing inclusion criteria: (1) age between 7 and 9 years old, (2)
mixed dentition, (3) fully erupted first permanent molars, with
good tooth contour and sufficient height of clinical crowns,
(4) planned arch expansion with Invisalign First system, (5)
aligners changed every 7 days, (6) good compliance during
treatment as assessed by the practitioner, and (7) pretreatment
and posttreatment intraoral scan data were available. Patients
with one of the following characteristics were excluded from
the study: (1) missing primary canines or molars prior to
treatment, (2) previous orthodontic treatment, (3) presence of
craniofacial deformities, systemic diseases that can affect tooth
movement, and (4) use of other auxiliary appliances.

2.2 Clinical data collection
The dental records of each patient were obtained from an
electronic clinical database, and the factors potentially af-
fecting treatment outcomes were recorded. These included
both sociodemographic and clinical variables: sex (boys or
girls); age (years); number of pulp-treated tooth (0, 1 or 2);
number of crown restoration (0, 1 or 2); number and position of
attachments (no attachment, 1 attachment at unilateral tooth, 1
attachment at buccal surface of bilateral teeth, or 2 attachments
at buccal and palatal surface of bilateral teeth); number of
eruption compensation wells on appliance design (0, 1, 2 or 3);
and amount of predicted expansion (mm); number of aligner.

2.3 Evaluation of predictability of arch
expansion
After obtaining patient consent, six digital models were ob-
tained for each patient: (1) pretreatment (initial), (2) pre-
dicted, and (3) posttreatment models for both the maxillary
and mandibular arches. Pretreatment and posttreatment mod-
els were obtained using the iTero® (Align Technology Inc.,
Tempe, AZ, USA) intraoral scanner, and predicted model
from the first ClinCheck® (Align Technology Inc., Tempe,

AZ, USA) treatment plan. For each model, four arch-width
measurements were taken at the maxillary and mandibular
primary canines, first and second primary molars, and first
permanent molars. Measurements were taken from each tooth
and its antimere at the point on the occlusal surface of each
toothwhere the long axis intersected the occlusal surface, using
the arch width table provided by ClinCheck® software (In-
visalign’s proprietary software). The arch width table provided
by ClinCheck® software automatically calculated the arch
width measurements based on the criteria mentioned above.
Predictability of arch expansion was calculated by comparing
predicted expansion (predicted arch width - initial arch width)
to achieved expansion (post treatment arch width - initial
arch width). Predictability was defined as the percentage
of predicted expansion achieved: predictability = (achieved
expansion)/(predicted expansion) × 100% (Fig. 1).

2.4 Statistical analyses
All statistical analyses were performed using R (version 3.6.1;
R Foundation for Statistical Computing, Vienna, Austria) with
predictability of arch expansion as the dependent variable.
Data distribution was determined using the Shapiro-Wilk test.
Student’s t-test were used to assess the significance of the
differences in predictability between the arch. Analysis of vari-
ance (ANOVA) and Tukey’s post-hoc test were used to assess
the significance of the differences in predictability among the
teeth. Univariate linear regression analyses were performed to
identify significant factors that could affect the predictability.
Factors with p < 0.05 in the univariate analysis were selected
for the multivariate regression model. The significance level
was set at p < 0.05 all tests.

3. Results

3.1 Description of study population
A total of 720 teeth and their antimeres from 90 patients were
recruited for this study. However, 204 deciduous teeth exfoli-
ated due to eruption of succedaneous permanent teeth during
the treatment period, leaving a sample size of 90 patients with
516 teeth and their antimeres. The characteristics of the study
population according to teeth and clinical variables are shown
in Table 1. The sample size consisted of 42 boys and 48
girls with a mean (standard deviation) age of the children was
8.42 (0.93). Most teeth were not treated endodontically or
restored with a crown. In the treatment plan, most teeth had
one attachment on each side. The mean (standard deviation)
number of aligners was 25.11 (6.59).

3.2 Predictability of arch expansion
measurement
The distribution of the predictability of arch expansion accord-
ing to the arch and teeth are shown in Fig. 2. The mean (stan-
dard deviation) predictability according to arch was: 63.85
(21.47) % for maxilla, 76.25 (20.14) % for mandible. The
mean (standard deviation) predictability of maxillary tooth
expansion was: 71.1 (19.5) % for primary canines, 67.5 (18.1)
% for first primary molars, 65.2 (17.4) % for second primary
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FIGURE 1. An example of measuring arch width and calculating predictability of arch expansion. (A) Pretreatment
digital models. (B) Predicted digital models. (C) Posttreatment digital models. (D) Measurements of arch width using arch width
table on the ClinCheck® software and calculation of predictability of arch expansion.

molars, 53.4 (25.8) % for permanent first molars. The pre-
dictability of the expansion of the mandibular teeth was: 81.1
(17.4) % for primary canines, 81.2 (17.1) % for first primary
molars, 77.8 (18.4) % for second primary molars, and 69.4
(21.5) % for first permanent molars. The predictability of arch
expansion was significantly higher in the mandibular arch than
in the maxillary arch (p < 0.001) and was significantly lower
in the permanent first molar compared to primary canine and
the first and second primary molars in both the arches.

3.3 Linear regression analysis
The standard β coefficients and their standard errors for each
independent predictor variable as determined via univariate
analysis are shown in Tables 2 and 3 for the maxillary and
mandibular arches, respectively. The predicted expansion per
aligner was associated with the predictability of the upper
and lower first permanent molars, second primary molars,
and upper primary canines. The number of attachments was
associated with the predictability of the upper first permanent

and second primary molars.
The results of the multivariate linear regression analysis

are presented in Table 4 and Fig. 3. The predictability of
expansion in the upper first permanent molar significantly in-
creased when one attachment at the buccal surface (p = 0.017)
or two attachments at the buccal and palatal surfaces (p <

0.001) were placed on the bilateral teeth compared to the case
without attachment. The predictability decreased significantly
as the amount of predicted expansion per aligner increased
(p < 0.001). In the case of the maxillary second primary
molars, the predictability increased when two attachments
were placed on the buccal and palatal surfaces of the bilateral
teeth compared to the case without attachment (p < 0.001),
and the predictability decreased significantly as the amount of
predicted expansion per aligner increased (p = 0.014).

4. Discussion

Several studies have suggested that in children, compared to
orthodontic treatment using fixed appliances clear aligners
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TABLE 1. Distribution of study population according to teeth and clinical variables.
Maxillary teeth Mandibular teeth

Variables 53–63
n = 55

54–64
n = 46

55–65
n = 79

16–26
n = 90

73–83
n = 31

74–84
n = 51

75–85
n = 80

36–46
n = 90

Gender
Boys 25 18 40 42 15 24 38 42
Girls 30 28 39 48 16 27 42 48

Age (yr)* 8.03
(0.70)

8.08
(0.79)

8.26
(0.89)

8.42
(0.93)

8.01
(0.82)

8.00
(0.67)

8.33
(0.87)

8.42
(0.93)

Number of pulp treated tooth
0 53 36 62 90 31 30 58 90
1 2 10 13 0 0 13 20 0
2 0 0 4 0 0 8 2 0

Number of crown restoration
0 53 29 60 90 31 27 50 90
1 2 9 13 0 0 7 26 0
2 0 8 6 0 0 17 4 0

Number & position of attachment
No attachment 13 6 9 14 4 9 4 13
1/buccal/unilateral 5 6 9 0 4 3 11 0
1/buccal/bilateral 37 34 48 59 23 39 65 60
2/buccal, palatal/bilateral 0 0 13 17 0 0 0 17

Number of eruption compensation well
0 16 16 32 38 26 40 46 45
1 10 10 18 20 5 11 21 24
2 24 20 24 24 0 0 11 14
3 5 0 5 8 0 0 2 7

Predicted expansion (mm)* 5.75
(1.69)

3.99
(1.51)

3.68
(1.09)

2.56
(1.17)

2.77
(1.34)

4.48
(1.86)

4.20
(1.48)

2.87
(1.00)

Number of aligner* 25.09
(7.18)

23.54
(7.20)

25.26
(7.19)

25.11
(6.59)

25.11
(5.82)

24.33
(7.36)

25.11
(6.59)

25.11
(6.59)

*Values are presented as mean (standard deviation).

FIGURE 2. Box plot of predictability for arch expansion achieved by Invisalign First system. (A) Predictability difference
according to arch type (t-test). (B) Predictability difference according to maxillary teeth (ANOVA and Tukey’s post-hoc test). (C)
Predictability difference according to mandibular teeth (ANOVA and Tukey’s post-hoc test). *p < 0.05.
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TABLE 2. Univariate linear regression analyses for predictability of maxillary arch expansion achieved by Invisalign
First system.

Variables Maxillary teeth

53–63 54–64 55–65 16–26

b (SE) p-
value

b (SE) p-
value

b (SE) p-
value

b (SE) p-
value

Gender

Boys reference reference reference reference

Girls 2.80
(5.32)

0.60 0.03
(5.54)

0.99 −0.51
(4.09)

0.90 −5.99
(5.41)

0.27

Age (yr) 2.78
(3.80)

0.47 3.50
(3.43)

0.31 2.70
(2.31)

0.24 −0.23
(3.31)

0.94

Number of pulp treated tooth

0 reference reference reference

1 −15.63
(14.02)

0.27 −7.20
(6.73)

0.29 −6.54
(5.68)

0.25

2 −14.29
(12.44)

0.25

Number of crown restoration

0 reference reference reference

1 −15.63
(14.02)

0.27 1.20
(6.99)

0.86 −4.25
(5.21)

0.42

2 −6.77
(7.32)

0.36 −10.30
(7.46)

0.17

Number & position of attachment

No attachment reference reference reference reference

1/buccal/unilateral 7.02
(10.40)

0.50 −5.43
(10.67)

0.61 −3.66
(7.79)

0.62

1/buccal/bilateral 0.09
(6.37)

0.99 −3.18
(8.19)

0.70 4.55
(5.73)

0.43 14.50
(7.37)

0.05

2/buccal, palatal/bilateral 25.89
(6.84)

<0.01* 25.20
(8.95)

0.01*

Number of eruption compensation well

0 reference reference reference reference

1 1.23
(7.86)

0.88 −13.02
(7.13)

0.08 −3.75
(5.57)

0.50 4.94
(7.13)

0.49

2 3.74
(6.30)

0.56 −2.86
(5.98)

0.64 −8.19
(4.86)

0.10 −5.71
(6.72)

0.40

3 −12.78
(10.00)

0.21 −12.42
(6.94)

0.08 1.57
(10.03)

0.88

Predicted expansion per aligner −73.24
(30.43)

0.02* 8.80
(37.01)

0.81 −91.10
(40.02)

0.03* −134.28
(37.01)

<0.01*

p value from univariate linear regression analysis. *p < 0.05. SE: standard error.
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TABLE 3. Univariate linear regression analyses for predictability of mandibular arch expansion achieved by Invisalign
First system.

Variables Mandibular teeth

73–83 74–84 75–85 36–46

b (SE) p-
value

b (SE) p-
value

b (SE) p-
value

b (SE) p-
value

Gender

Boys reference reference reference reference

Girls −12.16
(8.46)

0.16 0.95
(4.85)

0.85 −2.15
(4.14)

0.61 −7.16
(4.96)

0.15

Age (yr) 1.64
(5.47)

0.77 −0.36
(3.66)

0.92 2.93
(2.41)

0.23 3.75
(2.68)

0.17

Number of pulp treated tooth

0 reference reference

1 3.02
(5.78)

0.60 −1.38
(4.79)

0.77

2 3.65
(6.93)

0.60 14.79
(13.28)

0.27

Number of crown restoration

0 reference reference

1 −1.55
(7.37)

0.84 3.27
(4.49)

0.47

2 3.66
(5.38)

0.50 −1.67
(9.65)

0.86

Number & position of attachment

No attachment reference reference reference reference

1/buccal/unilateral 9.95
(23.67)

0.68 7.90
(11.24)

0.49 9.39
(10.60)

0.38

1/buccal/bilateral 4.10
(17.49)

0.82 −8.00
(6.23)

0.21 −0.69
(9.36)

0.94 4.41
(10.04)

0.66

2/buccal, lingual/bilateral 12.58
(10.91)

0.25

Number of eruption compensation well

0 reference reference reference reference

1 −6.66
(13.93)

0.64 0.80
(5.89)

0.89 1.64
(4.85)

0.74 1.36
(5.84)

0.82

2 7.15
(6.13)

0.25 11.27
(7.56)

0.14

3 −14.86
(13.30)

0.27 15.38
(12.82)

0.23

Predicted expansion per aligner 67.59
(73.86)

0.37 28.12
(27.73)

0.32 −77.75
(34.73)

0.03* −144.42
(54.17)

0.01*

p value from univariate linear regression analysis. *p < 0.05. SE: standard error.
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TABLE 4. Multivariate linear regression analysis for predictability of arch expansion achieved by Invisalign First
system.

Variables 16–26 55–65

b (SE) p-value b (SE) p-value

Number & Position of attachment

No attachment reference reference

1/buccal/unilateral −2.82 (7.20) 0.697

1/buccal/bilateral 16.06 (6.62) 0.017 5.47 (5.55) 0.328

2/buccal, palatal/bilateral 33.48 (8.22) <0.001 26.33 (6.62) <0.001

Predicted expansion per aligner −166.54 (35.34) <0.001 −88.07 (35.04) 0.014

p value from multivariate linear regression analysis.

FIGURE 3. Distribution of predictability of arch expansion according to the amount of predicted expansion per aligner
and the number and position of attachment. (A) Distribution and result of multivariate linear regression analysis on maxillary
first permanent molar. (B) Distribution and result of multivariate linear regression analysis on maxillary second primary molar.

might have distinct advantages such as less discomfort [10],
less difficulty in eating, easier adaptation to the appliance, im-
proved oral hygiene [18], fewer emergency visits [19], fewer
missed school days, and increased self-perception of attrac-
tiveness [20]. If the predictability of arch expansion using
clear aligners and the clinical variables that influence it can
be identified, more comfortable and efficient orthodontic treat-
ments can be offered to children. Therefore, this study aimed
to assess the predictability of arch expansion and evaluate
the clinical factors affecting it in children with early mixed
dentition stage treated with Invisalign First® system.

In this study, clinical variables that could affect tooth move-
ment were selected and examined to determine whether they
had a significant effect on arch expansion using clear align-
ers. Among the primary teeth included in this study, those
previously treated with pulpectomy using Vitapex were taken
into consideration. Pulpectomy using Vitapex may affect root
resorption compared to untreated teeth, which can also impact
tooth movement [21, 22]. Crown restoration has a material

and crown shape different from that of non-treated teeth, which
can also affect tooth movement [23]. Eruption compensation
well is a specific feature included in the Invisalign First®
system, which allows for the eruption of permanent teeth by
using algorithms to predict the size and shape of the teeth [24].
For children in the mixed dentition stage, the permanent teeth
do not erupt or partially erupt during treatment; therefore, an
eruption compensation well is often included in the aligner
design. If the number of eruption compensation wells is
increased in the aligner design, this may be related to the
retention and deformation of the aligner, which may affect
tooth movement. The number and location of attachments
has been recognized as an important factor for efficient tooth
movement in previous studies [25, 26]. The amount of planned
tooth movement per aligner has also been identified as an
important factor for movement efficiency in other studies [27].

Regarding the average predictability of arch expansion, ex-
pansion in the maxillary arch was generally less predictable
than that in the mandibular arch. These findings align with
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recent studies on arch expansion [12, 13]. This may be due
to differences in the buccal-lingual inclination of the upper
and lower posterior teeth. The lower posterior teeth are in-
clined more lingually relative to the occlusal surface compared
to the maxillary posterior teeth, especially in children [28].
Studies have reported that the accuracy of arch expansion
increases with the initial negative torque of the posterior teeth
[14]. However, these findings differ from those reported by
Gonçalves et al. [17], who found that the predictability of
mandibular arch expansion is less than that of the maxillary
arch in patients with mixed dentition. This difference in
tendency may be attributed to differences in the age distri-
bution of the samples included in the studies, variation in
the amount of arch expansion, the number of aligners used,
and the attachment design during treatment planning. The
expansion across the first permanent molars was significantly
less predictable in both arches. These findings are similar to
those of other studies in that the predictability of expansion is
greatly reduced in the terminal tooth [12–14]. This may be due
to the limited ability of an aligner to exert orthodontic forces
on the terminal tooth, along with the increased root length of
the first permanent molars compared to other primary teeth in
children.
The results of linear regression analyses revealed that the

amount of predicted expansion per aligner was associated with
the predictability of upper and lower permanent first molars,
second primary molars, and upper primary canines. These
findings are similar to those reported by Zhou and Guo [14],
who found that the efficiency of tooth movement decreased as
the amount of designed expansion increased. If the amount
of expected tooth movement per aligner is increased, a force
greater than that required for optimal tooth movement may be
applied to the teeth [29]. Additionally, the fit of the aligner
to the tooth may decrease as more deformation occurs in the
aligner. These effects may decrease the predictability of arch
expansion.
The number and position of attachments were also asso-

ciated with the predictability of the expansion of the upper
permanent first and primary second molars. Several studies
have highlighted the importance of attachment in enhancing
tooth movement [25, 27]. The attachments of both the buccal
and palatal surfaces of the maxillary posterior teeth can in-
crease the retention of the aligner and help move the teeth more
accurately in the horizontal direction [30]. The significant
effect of the number of attachments in the maxillary teeth
may be due to the disadvantage of retention according to the
positional characteristics of the aligners in the maxilla. In
addition, this study reported that the predictability of maxillary
tooth movement was lower than that of the mandibular teeth;
therefore, the effect of the attachment may be more important
for maxillary teeth.
One limitation of the present study was that it did not

consider the effect of growth on the expansion of the arch.
This study was conducted in children aged 7–9 years, and it
is possible that transverse growth occurred. However, in this
study, the mean interval between before and after treatment
with an aligner was 7 months, allowing for less than 0.5 mm
spontaneous transverse growth in the maxillary arch for this
age group [31]. Another limitation was that the cause of

the change was not identified by measuring the amount of
expansion achieved (posttreatment arch width - initial arch
width) after treatment. During the process of arch expansion
in children, changes in arch width can be caused by bodily
movement or buccal tipping of the tooth. It has been reported
by several studies that arch expansion using Invisalign® is
mostly by buccal tipping rather than bodily movement of the
tooth [12, 14]. In the cases included in this study, buccal root
torque was applied to the teeth according to the same criteria
as one operator from the treatment plan to prevent side effects
caused by such movements and to move the teeth as much as
possible. For a more accurate analysis of tooth movement,
measurement of changes at an additional reference point close
to the center of resistance of the teeth, or analysis through 3D
images, such as cone beam computed tomography, might be
required. Furthermore, the patients participating in this study
followed the 7-day aligner change protocol, which has been
shown to have lower accuracy compared to the 14-day aligner
change protocol when accompanied by buccal crown torque
and other complex tooth movements [32].
Despite these limitations, the significance of this study is

that it presented the predictability of arch expansion through
the values of the arch width table of ClinCheck®, which can
be easily confirmed. During treatment using Invisalign®, the
operator establishes a treatment plan using the ClinCheck®
software. If the actual amount of expansion can be predicted
through the values of the arch width table, which can be easily
checked by the program, it may be helpful in determining
the amount of overexpansion or the need for an additional
aligner. In addition, we analyzed whether various objective
clinical variables commonly encountered when establishing a
treatment plan using the Invisalign First® system in children
could affect the predictability of arch expansion. Based on the
results of this study, if the planned amount of arch expansion
increases, the number of aligners can also increase. In addition,
increasing the number of attachments may also be considered
for more efficient expansion of the maxillary first permanent
and second primary molars.

5. Conclusions

When arch expansion is planned in children with early mixed
dentition and treated with the Invisalign First® system, the
mean predictability was lower in the maxillary arch com-
pared to the mandibular arch, and lower in the first permanent
molar compared to the primary canine and first and second
primary molars in both the arches. The amount of predicted
expansion per aligner and the number of attachments to the
maxillary teeth are potential clinical factors that can affect the
predictability of arch expansion. If a treatment plan for arch
expansion is established considering the accuracy and clinical
factors that can affect it, a more efficient and accurate treatment
can be performed.
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